Introduction
============

Cervical scoliosis is a rare condition that to date has not been well defined. The few reports of cervical scoliosis discuss the condition in relation to Klippel-Feil syndrome (KFS), congenital scoliosis, and neurofibromatosis type 1 (NF-1).[@JR1500027-1] [@JR1500027-2] [@JR1500027-3] [@JR1500027-4] [@JR1500027-5] [@JR1500027-6] [@JR1500027-7] [@JR1500027-8] Neglected cases of congenital torticollis, a soft tissue cause of cervical coronal deformity, can also present in adulthood.[@JR1500027-9] [@JR1500027-10] To our knowledge, the previous literature concerning operative treatment of cervical scoliosis has been limited to case reports and case series. Our objective was to evaluate clinical and radiographic outcomes following surgical management of cervical scoliosis.

Materials and Methods
=====================

After obtaining Institutional Review Board approval, we evaluated a prospectively maintained surgical database for patients with a diagnosis of cervical scoliosis. All patients were operated on by one surgeon at a single academic, tertiary care institution. The study design was retrospective. We evaluated our cervical spine surgery database for surgeries over a 5-year period from January 1, 2005, to December 31, 2010. Our inclusion criteria were the presence of cervical scoliosis (Cobb angle \> 10 degrees) and complete preoperative and postoperative radiographs. We excluded patients with traumatic deformities, tumors, and primary sagittal deformities. We also excluded patients lost to follow-up. Spine surgeons not involved in the clinical and surgical management of these patients collected and analyzed the data.

Demographic data including age, sex, diagnoses, and primary versus revision surgery was collected. Surgical data including type of procedure (anterior, posterior, circumferential), use of osteotomies, estimated blood loss (EBL), length of surgery, length of hospitalization, and complications was recorded. Preoperative and postoperative Cobb angle measurements were performed. Preoperative and postoperative Neck Disability Index (NDI) values were calculated.

Student *t* test and Fischer exact test were used to test continuous and categorical variables. Significance was set at *p* *\<* *0.05*.

Results
=======

Cervical scoliosis was initially identified in 18 patients; however, 5 did not meet our inclusion criteria and were excluded. Overall, 13 patients, 5 men and 8 women with an average age of 50.7 years (median 52, range 25 to 65), were enrolled. Average follow-up was 40 months (median 36, range 5 to 87). Surgery was primary in 6 cases, and 7 were revisions.

Diagnosis
---------

Overall, 4 patients with cervical scoliosis presented with radiculopathy and 1 presented with cervical spondylotic-myelopathy. KFS was diagnosed in 2 patients, and 1 patient had a diagnosis of NF-1. There was 1 patient each with torticollis, postlaminectomy kyphosis, postsurgical coronal deformity, and rheumatoid arthritis--associated cervical deformity.

Surgical Data
-------------

All patients underwent instrumentation and fusion. An anterior-only approach was used in 6 cases, with an average of 4 levels fused (range 2 to 6). Posterior-only instrumented fusions were performed in 5 cases, with an average of 8.7 levels fused (range 5 to 10). Combined anterior-posterior instrumented fusion was used in 2 cases. Corpectomies were performed in 6 patients and posterior osteotomies in 3 ([Fig. 1](#FI1500027-1){ref-type="fig"}). A combination of local autograft and allograft was used to supplement the fusion. The average EBL was 286 mL (median 150, range 50 to 900), the average surgical time was 266 minutes (median 239, range 136 to 508), and the average hospital stay was 2.7 days (median 2, range 1 to7). The patients having a posterior-only approach had significantly higher rates of EBL (370 mL) as compared with the patients having an anterior-only approach (112.5 mL; *p* \< 0.002). The surgical time was also significantly higher for the patients having a posterior-only approach (310 minutes) compared with the patients having an anterior-only approach (193 minutes; *p* \< 0.0017). There were no differences in the hospital length of stay between the two groups (2 days versus 2.8 days, *p* = 0.16).

![A 53-year-old woman with Klippel-Feil syndrome and C7 hemivertebrae. (A) She had C6--T1 anterior cervical diskectomy and fusion at an outside institution complicated by vertebral artery injury. (B) She presented with radicular symptoms and underwent C3--C6 laminectomy and C2--T2 posterior cervical fusion. She is doing well at 30 months postoperatively.](10-1055-s-0035-1554776-i1500027-1){#FI1500027-1}

Osteotomies
-----------

An osteotomy was required in 4 of the 13 patients with a rigid deformity, and 3 cases had posterior-only osteotomies consisting of pedicle subtraction osteotomies and Smith-Petersen osteotomy. A combined anterior cervical osteotomy and posterior osteotomy was performed in 1 patient. Our technique of anterior cervical osteotomy has been described elsewhere.[@JR1500027-11]

Complications
-------------

Complications developed in 7 patients, and 2 had clinical adjacent segment pathology ([Table 1](#TB1500027-1){ref-type="table"}). Surgical complications included a return to the operating room during the index procedure for a rod revision in a patient with torticollis who initially underwent a C2--T2 posterior spinal fusion. This same patient had a recalcitrant deformity and underwent an occiput-to-C4 fusion due to occipitocervical deformity at 4 years postoperatively. Then she underwent further revision occiput-to-C4 fusion with sternocleidomastoid release at 5 years postoperatively ([Fig. 2](#FI1500027-2){ref-type="fig"}). Other surgical complications included a C5 palsy requiring a secondary procedure, pseudarthrosis requiring treatment, graft dislodgment requiring a revision, postoperative neck swelling requiring readmission for monitoring, and a decompression procedure 3 months postoperatively in one patient due to progressive neurologic symptoms and a return to the operating room 1 year postoperatively for instrumentation revision.

![(A) A 54-year-old woman with cervicothoracic scoliosis and torticollis. She had a thoracic scoliosis of 60 degrees as well. She underwent a first stage T2 to L2 posterior spinal fusion. The rods were left intentionally long to allow for cervicothoracic reconstruction. (B) Correction of the cervical deformity was performed via a C2--T3 posterior cervical fusion with instrumentation. On postoperative day 2, the patient returned to the OR for recontouring of the cervical rod due to ongoing deformity. (C) Four years postoperatively, the patient presented with occipitocervical coronal deformity. (D) She underwent an occipitocervical fusion. (E) Two months later, she had a recurrence of the cervical deformity managed with revision occipitocervical fusion and sternocleidomastoid release. The patient has been symptom free at latest follow-up of 52 months.](10-1055-s-0035-1554776-i1500027-2){#FI1500027-2}

###### Patient diagnoses, management, and complications

  Patient ID   Diagnoses (in addition to cervical scoliosis)   Management                                         Complications                                                                                                                      Adjacent segment pathology                      Length of follow up (mo)
  ------------ ----------------------------------------------- -------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------- --------------------------
  1            CSM                                             C5 corpectomy, C6--C7 ACDF                         None                                                                                                                               None                                            41
  2            Radiculopathy                                   T1--T2 osteotomy, C5-T2 PSF                        None                                                                                                                               None                                            5
  3            Radiculopathy                                   C4 corpectomy, C5--C6 ACDF                         Pseudarthrosis (managed via PCF at postoperative 13 mo)                                                                            None                                            37
  4            NF-1                                            C4--T1 ACDF                                        None                                                                                                                               Managed via C2--C4 PCF at postoperative 24 mo   39
  5            Torticollis                                     C2--T2 PSF                                         \(1\) Return to OR for rod revision; (2) Occ--C4 fusion 2nd to Occ--cervical deformity; (3) revision Occ--C4 fusion, SCM release   None                                            52
  6            Posttraumatic deformity                         \(1\) C6 corpectomy,C3--T1 ACDF; (2) C2--T1 PSF    C5 palsy requiring return to OR for revision of instrumentation (C5 palsy resolved at postoperative 3 mo)                          None                                            87
  7            Rheumatoid arthritis                            \(1\) C4 corpectomy, C2--T3 ACDF; (2) C2--T1 PSF   \(1\) C2 graft dislodgment requiring revision; (2) syncopal episode requiring readmission perioperatively (resolved)               None                                            36
  8            Postlaminectomy deformity                       C5 corpectomy, C3--T1 ACDF                         Pneumonia, UTI (resolved after antibiotics treatment)                                                                              None                                            49
  9            Klippel-Feil syndrome                           C2--T2 PSF                                         None                                                                                                                               Nonoperative management                         30
  10           Radiculopathy                                   C5--T1 ACDF                                        None                                                                                                                               None                                            47
  11           Radiculopathy                                   C5 corpectomy, ACDF C4--C7                         Neck swelling requiring readmission perioperatively (resolved)                                                                     None                                            29
  12           Klippel-Feil syndrome                           C3 and C7 PSO, C2--T4 PSF                          Radicular symptoms managed with (1) right C6, C7 decompression/C6 pedicle resection; (2) right T1--T2 foraminotomy                 None                                            23
  13           Postsurgical coronal deformity                  C3, C7 PSO, Occ--T4 fusion                         None                                                                                                                               None                                            50

Abbreviations: ACDF, anterior cervical diskectomy and fusion; CSM, cervical spondylotic-myelopathy; NF-1, neurofibromatosis type 1; Occ, occipital; OR, operating room; PCF, posterior cervical fusion; PSF, posterior spinal fusion; PSO, pedicle subtraction osteotomy; SCM, sternocleidomastoid; UTI, urinary tract infection.

Note: *Perioperative* denotes 0 to 90 days postoperative.

Medical complications included a syncopal episode requiring readmission in the perioperative period (up to 90 days postoperatively) and urinary tract infection and pneumonia in one patient.

Radiographic Data
-----------------

When available, radiographs at the 6-week, 12-week, 6-month, 1-year, and 2-year points were reviewed. The average preoperative coronal Cobb angle was 35.1 degrees (median 31, range 13 to 63) and was corrected to 15.7 degrees (median 10.5, range 2 to 59) postoperatively (*p* \<0.005).

Patient-Reported Outcomes
-------------------------

The average preoperative NDI score was 24.9 (median 26, range 6 to 37) and was reduced to 17.8 (median 18, range 7 to 30) at the latest follow-up (*p *\< 0.02). Lower scores indicate better outcomes on the NDI.

Discussion
==========

To our knowledge, ours is the largest series focused on the surgical management of cervical scoliosis. In the cervical spine, sagittal deformities are more common than coronal deformities. Sagittal deformities can be associated with trauma, rheumatoid arthritis, ankylosing spondylitis, and numerous other causes. In our series, the diagnoses leading to cervical scoliosis were heterogeneous. KFS and NF-1 contributed to 3 of the 13 cases of cervical scoliosis. Outcomes of surgical management of cervical scoliosis have been limited to case reports and small case series, which prompted us to report our experience.

We found a significant improvement in patient-reported outcomes (NDI, *p* \< 0.02) postoperatively. The 7.1-point improvement in the NDI approached the minimal clinically important difference for the NDI (change of 7.5).[@JR1500027-12] Cobb angle measurements also demonstrated significant improvement from preoperative levels (35.1 to 15.7 degrees, *p* \< 0.005). Complications occurred in 7 of the 13 (53.8%) patients. Most of the complications were surgical, and 3 were medical. The complication rate for the management of cervical scoliosis has not been clearly defined. However, 3 patients required a return to the operating room during the same admission for the management of instrumentation failure and neurologic deficits. Although this complication rate is higher than nondeformity cases for radiculopathy or myelopathy, no patient had permanent neurologic deficits and there were no deaths.

Adult spinal deformity (thoracic and lumbar) surgery is associated with surgical and medical complication rates of 36 to 76%.[@JR1500027-13] [@JR1500027-14] [@JR1500027-15] [@JR1500027-16] It is not surprising that cervical scoliosis has a similar complication rate as adult spinal deformity. Extensive surgery is performed to address the deformity and concurrent neurologic symptoms. Similar to health-related outcome questionnaires for adult spinal deformity patients, the NDI scores for patients with cervical scoliosis demonstrated significant improvements following surgical management.

Our surgical management was dictated by the presenting pathology. For patients who had a compensated deformity demonstrated in a radiographic finding with minimal clinical impact, minimal to no correction was needed. For symptoms of cervical radiculopathy, in 3 of the 4 cases, an anterior-based decompression and fusion was chosen. The 2 patients with KFS and the 1 patient with torticollis had a posterior-only based instrumentation and fusion because their primary pathology was the coronal deformity. For the patients with concurrent kyphosis (rheumatoid arthritis and postlaminectomy kyphosis), a combined anterior-posterior approach was performed. When addressing the cervical deformity and concurrent radicular or myelopathic symptoms, our goals were to correct the coronal deformity while ensuring adequate nerve root decompression. There are cases where a patient may have a cervical coronal deformity but the neurologic symptoms may not be at the apex of the curvature. In these situations, we recommend managing the symptomatic level without addressing the deformity because it is asymptomatic. If the cervical scoliosis is only a radiographic finding and the patient is asymptomatic, then we do not recommend surgical intervention. In cases where the patient has a clinically obvious cervical deformity without neurologic symptoms and would like to have the deformity corrected, then we would proceed with the deformity correction.

Two of our patients had KFS, which is characterized by a short neck, low hairline, and two or more congenitally fused vertebrae in the cervical spine. A 53.3% prevalence of cervical scoliosis has been noted in 30 patients with KFS.[@JR1500027-1] In another series of 57 KFS patients, a 70% prevalence of scoliosis was noted throughout the mobile spine.[@JR1500027-4] Although KFS has been associated with cervical scoliosis, the prevalence of surgery for cervical spine symptoms in patients with KFS is variable. Theis et al evaluated 32 patients with KFS and congenital scoliosis with a minimum follow-up of 10 years and noted 22% (7/32) had cervical spine symptoms.[@JR1500027-17] In 2 of the 7 patients with KFS (6.3%, 2/32), surgical management was required for their cervical spine symptoms. Other investigators have noted 33% (19/57) of KFS patients required surgery for cervical spine symptoms.[@JR1500027-18] However, it is not clear how many of these patients had scoliosis.[@JR1500027-18]

In addition to KFS, another condition associated with cervical vertebrae anomalies is Goldenhar syndrome.[@JR1500027-19] This syndrome is also known as oculoauricular vertebral dysplasia. In a series of 8 patients with Goldenhar syndrome, 6 had cervical spine anomalies including hemivertebrae, failure of segmentation (2 patients), hypoplastic odontoid, multilevel cervical fusion, and C3--C4 bony bar.[@JR1500027-19] Goldenhar syndrome is diagnosed early in the pediatric population, and in our cohort of adult patients, none had this diagnosis.

We did have one patient with NF-1. NF-1 is associated with kyphosis of the cervical spine but scoliosis or kyphoscoliosis can also occur.[@JR1500027-3] [@JR1500027-5] [@JR1500027-6] NF-1 is a multisystem disease associated with a mutation of the NF-1 gene. The inheritance is autosomal dominant. Clinical findings are based on the National Institutes of Health Consensus conference of 1987 with 2 of 7 findings being necessary for a diagnosis. In the cervical spine, kyphosis is more common in NF-1 than scoliosis.[@JR1500027-3] Dysplastic curvatures of the thoracic spine causing the rib penciling are commonly associated with cervical spine anomalies.[@JR1500027-5] Cervical scoliosis associated with NF-1 usually starts in the lower subaxial spine and extends into the thoracic spine.[@JR1500027-6]

Two of our patients developed adjacent segment pathology (2/13, 15.3%). One patient initially had a four-level anterior cervical fusion and required posterior-based fusion to address the adjacent segment pathology. The second patient had prior anterior fusion at an outside institution, and we subsequently performed a posterior cervical fusion. He developed adjacent segment pathology that was responsive to nonoperative management. Adjacent segment pathology is part of the natural history of multilevel cervical or lumbar spine fusions.[@JR1500027-20] [@JR1500027-21] Ten years following an anterior cervical fusion, a 25% risk of adjacent segment pathology has been reported.[@JR1500027-20] Moreover, an incidence of 2.9% of adjacent segment pathology following anterior cervical fusion was noted. In the lumbar spine, at 10 years, a 36% prevalence of adjacent segment pathology requiring surgery has been noted.[@JR1500027-21]

There were some limitations to our study. We had a small sample size due to the rarity of cervical scoliosis. A multicenter study would be beneficial to yield more patients with this condition. We also had a heterogeneous diagnosis leading to cervical scoliosis. Unlike the more common idiopathic scoliosis of the thoracic spine, cervical scoliosis can be caused by a variety of conditions, and it can be challenging to enroll a homogenous diagnostic group. Our study serves as a start point for further multi-institutional studies on the outcomes following surgical management of cervical scoliosis.

Conclusion
==========

In our series of 13 patients with cervical scoliosis, significant improvements in patient-reported outcomes and Cobb angle measurements were noted postoperatively. The diagnoses leading to cervical scoliosis were heterogeneous; however, similar to other studies, we had patients with diagnoses of KFS and NF-1. Our patients had a 53.8% rate of medical and surgical complications. Surgeons managing patients with cervical scoliosis should perform meticulous preoperative planning and counsel the patient on the high rate of complications, which is balanced by the long-term improvement in outcomes.
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